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11.4 SURFACE WATER FLOW MEASUREMENTS

11.4.1 General

Surface waters are considered to be open channel for flow
neasur enent purposes. Al of the techni ques used by DEQ
personnel to neasure open channel flows have been di scussed
in the wastewater fl ow neasuremnent portion of this section.
Except for very small surface streans, the installation of
primary flow devices is not practical. Mbst surface water
fl ow measurenents are nmade using cl assical stream gagi ng
t echni ques. These techni ques invol ve the use of the

vel oci ty-area open channel technique discussed in the waste-
water portion of this section. DEQ personnel shall use the
techni ques outlined in the USGS publication D schar ge
Measurenents at (Gaging Stations (9) to:

° Select the flow measuring site;
° Performstream gaging; and

° Cal cul ate fl ow
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11.4.2 Techniques

Wer e possi bl e, DEQ streamstudi es shall be conducted
utilizing the existing pernmanent stream gagi ng stations
operated by the USGS, the U S. Arny CCE, or other federal or
state agencies. These pernanent gagi ng stations have estab-
i shed water stage-discharge relationships that permt the
flowto be obtained fromwater stage neasurenents. Staff
gage or recorder readings of a water stage at these stations
may be converted to flow by using the rating curve for that
gagi ng station. The rating curve is available fromthe
operator of the perm anent gaging station. An additiona
benefit of using these permanent gaging stations is that
long-termflowrecords are generally avail abl e.

Were permanent gaging stations are not present, surface
water flows shall be measured utilizing classical stream

gagi ng techniques. If a stationis to be used nore than once
during a water quality survey, a rating curve shall be
devel oped for that station. This may be done by making a

series of independent flow neasurenents and simltaneous tape
down or staff gage neasurenents for that station at different
water levels. The rating curve is devel oped using the sane
nmeasur enent section each tine; at |east two, and

preferably three, flow neasurenment - tape downs shall be
nmade. The fl ow neasurenents used to develop the rating curve
must bracket the | owest and hi ghest flows encountered during
the study. A tape-down rating curve is constructed by
plotting the tape-down neasurenents versus flows on a piece
of sem -log graph paper.
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11.4.3 Equipment Available (USGS National Handbook)

Equi pnent avai |l abl e to DEQ personnel for the neasurenent of
surface water or wastewater flows is categorized as foll ows
wat er | evel /stage hardware and recorders, velocity neasuring
equi pnrent and assenblies, and direct flow neasuremnent

equi pnrent and i nstrunent ati on.

The hardware avail able to DEQ personnel to deternine the rise
and fall of a water surface with tine (the water stage)

i ncludes the foll owi ng recordi ng devi ces . Stevens Mdel F
hori zontal drumrecorders and Stevens Mdel A-71 continuous
strip chart recorders, |1SCO Mdel 1870 recording flow neters
used in the linear head node, and | SCO Mbdel 2870 recording
flow meters that have programmabl e functions. Non-recording
equi prent avai l abl e includes vertical staff gages and tape-
down systens.

Instrunents and equi prent avail abl e to nmake vel ocity cross
sectional area measurenents include current meters and

soundi ng (depth) equipnent. The current neters available to
DEQ per sonnel are the vertical-axis nounted Price AA and
Price pygny neters (including direct readout neters), and
Marsh- MBirney solid state current neters. Soundi ng
(determnation of depth) is acconplished using a standard top
setting wading rod. Wdth neasurenents are rmade by DEQ
personnel using a conventional surveyor's tape.

The equi prrent avail abl e for direct flow neasurenent includes
the following prinmary devices available for installation by
DEQ personnel : V-notch weir plates and rectangul ar weir
plates. Correspondi ng conversion of water level to flowrate
can be acconpl i shed instantaneously from stage/staff gage
readi ngs corresponding to the primary flow device in

use, or by instantaneous readi ngs of the available recording
flow meter systens. Continuous record ing systens avail able
are the |1 SCO Model 1870 and 2870 recording fl ow neters.
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11.4.4 Surface Water Flow Measurements (Streamflow)

11.4.4.1 Flowmeter

MBI rney Mdel 201

NOTE: Qther streamfl ow measuring devices include the Price
AA neter and the pygny meter. The pygny neter is nost useful
for streans with | ow di scharge.

A EQU PVENT

1. Marsh - MBirney Mdel 201 Portable Water Qurrent
Met er

2. Flowneter wading rod, calibrated in one-tenth foot
interval s

3. Flowdata sheets (Section 21.1.1.5) and clip board
(with cord to put around the neck)

B. PROCEDURE

1. Set the selector switch to the “CAL” position. The
neter shall show black (the calibrate sector of the
scale) if the batteries are good and the instrunent is
wor ki ng properly.

2. Attach the probe to the wading rod, naking sure the
clanp screwis tight and the probe is properly
positioned (the clanp screwis vertical).

3. Select a streamsection where flows are nostly

paral lel, where there are no sharp turns in water
direction, and the bottomis reasonably snooth. The
nore uniforma channel is in depth, velocity, and
substrate size, the nore accurate the velocity
neasurenents shal | be. The section can be snoot hed by
reshapi ng the edges, renoving rocks fromthe bottom

and renovi ng branches, weeds, or grasses.

4, Set atag line or cloth tape across the section as
perpendi cul ar to fl ow as possible. Anchor both ends
securely to wooden stakes, trees, shrubs, or anchor
with rocks or other large or heavy objects.
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5. Begin neasurenents at either the left or right

bank. The initial point is generally the tape reading
of the waterline and often has no depth or velocity to
nmeasure. In this case, the first neasurenent is nade
at the first point where there is adequate depth (at
least 0.2ft) and neasurabl e velocity. Measurenents
(depth and vel ocity) can, at tines, be made at one or

both waterlines. In other situations, there may be no
flow for some di stance fromthe streanbank due to
stagnant water or backwater effects. In such a case,

begi n and end neasurenents in the verticals in the no
vel ocity zone at the edge of where positive flow can be
neasur ed.

6. Water depth is deternined fromcalibrations on the
wading rod (three marks = 1 foot intervals, two narks =
one-hal f foot intervals, one nmark = one-tenth f oot
intervals); read depths ignoring the "pile-up" effect
of water on the wading rod.

7. Velocity is neasured at six-tenths depth fromthe
wat er surface by noving the probe support so that the
foot indicator marks align with the proper scale
reading (in hundredths of a foot). Care nust be taken
to keep the meter pointed directly into the flowand to
keep the rod in a vertical position. Wit at |east 20
seconds before reading the panel neter. Because flow
vel ocity usually fluctuates, the recorded velocity
shal |l usually represent an "average" of the range of

vel ocities noted during the measurenent peri od.

8. Switch the selector switch to the proper velocity
range (2.5, 5, or 10 feet per second) as conditions
require.

9. Measurenent points are best set at whole foot or
hal f-foot intervals, depending on streamwi dth

PRECAUTI ONS

1. The linmt for wading is set by safety

consi derations. The anmount of water that can be waded
safely varies slightly with each individual, but is
principally a function of velocity, depth, and

substrate stability and slickness. Do not take chances
i n gaugi ng " unwadabl e" streans.

2. The position taken when naki ng wadi ng neasurenents
can affect the velocity of the water passing the
current meter. The best position is usually about 1 to
3 inches downstreamfromthe tape, and ei ghteen inches
or nore fromthe wading rod, hol ding the wadi ng rod at
the tag line, and standing in a position facing the
bank.

QUALI TY GCONTRCL
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1. Because flowis not a direct measurenent (velocity,
depth, width, and area are neasured first), the
accuracy of the nethod cannot be determined. Wth

sel ection of good cross sections, and carefu
neasurenents of depth and vel ocity, measured flow shal
be within 15%of true fl ow

2. Precision of the nethod (and techni que of the
investigator) can be determned by measuring total flow
several tinmes along the sane cross section

3. Peak instrunent perfornance can be ensured by
conducting the periodic nai ntenance tasks detailed in
the Instruction Manual. These tasks include cl eani ng
of the probe, checking the neter zero, and checking the
condition of batteries.

SPEQ AL | NSTRUCTI ONS

1. Because total flow determination in an open channe
is a sunmation or integration process, the overal
accuracy of the neasurenent is generally increased by
i ncreasi ng the nunber of partial cross sections.
Generally, 25 or 30 cross sections, even for extrenely
| arge channel s, are adequate depending on the
variability and conplexity of the cross sectional shape
and flow patterns. Wth a snooth cross section and
good velocity distribution, fewer sections may be used.
Partial sections shall be spaced so no partial section
contains nore than 10 percent of the flow The idea
neasur enent woul d have | ess than 5 percent of the flow
in any one section. This neans that measurenent points
are closer together in the deeper and faster parts of
the streamand spread out in the shall ower and sl ower
parts of the stream n snall streams, a spacing of
0.5ft or less may be necessary, and there nmay be | ess
than 20 measuring points.

2. (Cxcasionally, flows are not perpendicular to the
establ i shed cross section for its entire width., |If
high or |ow fl ows change fl ow patterns at an

est abl i shed cross section, consideration shall be given
to tenmporarily or permanently noving a cross section
rat her than using a substandard, established one.

3. The follow ng exanpl e denonstrates the cal cul ati ons
nmade using the md-section nethod of measurenent. The
m d- section nethod assunes that the velocity at each
sanpling point represents the nean velocity in the
partial rectangul ar cross sectional area. The partia
area extends laterally fromhalf the distance fromthe
preceding neter location to half the distance to the
next, and vertically fromthe water surface to the
stream bot t om

PRQJIECTS
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NPDES Conpl i ance Monitoring, dark Fork Basin Study,
I nt ensi ve Surveys

11.4.4.2 Stick Method

A Procedure

1.

Find a reach of streamthat is fairly straight, as well

as uniformin width and depth. This will assure that
lamnar flowis achieved to the greatest extent possible.

2.

Measure the length of the reach (in feet) and mark each

end.

3.
at

4.

Deternine nean width (fromthe wat ers edge) by taking
| east three transects within each reach.

Deternine nean depth by nmeasuring depth at multiple

poi nts t hroughout the reach.

5.

Rel ease a snall stick or other floating object at the

top of the reach and count the seconds to reach the | ower
point. Assure that the object stays in the main current.
Repeat at |east twice.

B. Cal cul ati on

1.
2.

3.

Not e:

Mean width x nmean depth = cross-sectional area (ft"2)
Convert stick float time to ft/second

(i.e., 26 ft/15 sec = 1.7 ft/sec)

Determine CGFS (1 x 2).

This nethod tends to underestinmate fl ow sonewhat due to

the slower velocity of water near the surface. However, it
is a good general estinmate of flow
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11.4.5 References for Water Flow Measurements (From

National Handbook of Recommended Methods for Water-Data Aquisition)

1.

10.

11.

12.

13.

14.

VWt er Measur enent Manual , Second Edition, Revised,
Uhited States Departnent of Interior, Bureau of
Recl amati on, 1974.

DEQ Conpl i ance | nspection Manual, United States
Envi ronnental Protection Agency, My 1988.

Fl uoronetri c Facts, Fl ow Measurenents, Nonogr aph,
Tur ner Desi gns Conpany, Mount ai nview, California, 1976.

"Measurenent of Discharge by Dye D lution Methods,"
Hydraul i c Measurenent and Conputation, Book 1, Chapter
14, United States Departnent of the Interior,

Geol ogi cal Survey, 1965.

Kingp H W, and E F. Brater, Handbook of Hydraulics,
Sixth Edition, MGawH I, New York, 1976.

Davis, C. V., and K E Sor enson, Handbook of Applied
Hydraulics, Third Edition, MGawHII, New York, 1969.

St evens Water Resource Data Book, Third Edition,
Leopol d Stevens, Inc., Beaverton, O egon, 1978.

| SQO Qpen Channel Fl ow Measur enment Handbook, Second
Edition, Second Print ing, Instrunentation Specialists
Conpany, Lincoln, Nebraska, 1985.

"Di scharge Measurenents at Gaging Stations," Hydraulic
Measur enent and Conputation, Book |, Chapter 11, United
States Departnent of Interior, Ceol ogical Survey, 1965.

"Sewer Fl ow Measurenent : A State-of-the-Art
Assessnent,” Minicipal En vironnental Research
Laboratory, C(ffice of Research and Devel opnent, United
States Environnental Protection Agency, G ncinnati,

Chi o, 600-275027.

A Quide to Methods and Standards for the Measurenent of
VWater Flow, United States Departnent of Commerce,
National Bureau of Standards, NBS Special Publication
421, 1975.

Wlls, E A and H B. Gotaas, "Design of Venturi
Flumes in Grcular Conduits," American Society of Qvil
Engi neers, 82, Proc. Paper 928, April 1956.

Anerican Society of Testing Mater ials, 1985 Annual Book
of ASTM Standards, Volune 11 - Water, Amrerican Society
of Testing Materials, Philadelphia, Pennsylvania, 1985.

“Goundwat er, ” Section 18, USDA-SCS National Engi neering
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Handbook , United States Departnent of Agriculture, Soil
Conservation Service, 1978.



